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This environmentalassessment

stration Program has been prepared

I

I

(=) of the Solar in Federal Buildings Demon-

...
in accordance with the National Environmental

.
Policy Act of 1969, as amended (NEPA) (42.u.S.C. Section 4321 et seq.). The EA

t
follows applicablepolicies and proceduresfor co~liance with NEPA set forth in 10 I

i
1

Cm Part 208 (41 ~ 4724; January 30, 1976); 1: ;,.
~’

This EA analyzes the environmentalimpacts of the Solar in Federal Buildings ,,

. \ ,
Demonstration Program established by Title V, Part 2, of the National Energy I

i’,

ConservationPolicy Act (~CPA) (P.L. 95-619, 91 stat. 3275). ‘,
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I. DESC~PTION OF ~E PROPOSED ACTION

Title V, Part 2, of the National Energy ConservationPolicy Act (NECPA) (P.L.

95-619) established the Solar in Federal Buildings Demonstration Program. The

purpose of this Program is to stimulategrowth and technical improvementsin solar....

energy technology through the installationa-riddemonstrationof solar water heat-

ing and solar space heating and cooling (solarenergy systems) in buildings owned

in whole or part by the Federal @vernment includingbuildingsoccupied under a fee,’

simple lease-acquisitioncontract.

The Program’s goal is to be accomplishedby providing tec~ical and financial

assistance through interagencyagreements to implementapproved proposals for the

installationof solar energy equipment in Federal buildings.~sistance is limited

to the design, acquisition,construction,and installationof solar energy equip

ment. NECPA requires that the U.S. Department of Energy (ME) shall promulgate by

rule: ~

‘(A) requirements

installation

under which Federal agencies shall submit proposals for the

of solar energy equipment in Federal buildings . . . , and

(B) criteria by which the proposals under subparagraph (A) will be evalu-

ated, which criteria shall provide for the inclusionin each proposal of

a complete analysisof the presentvalue, as determinedby the Secretary,

of the costs and benefits of the proposal to the Federal agency, and for

the demonstration,to the maximum extent practicable,of innovativeand

diverse applicationsto a varietyof types of Federal buildings . . . and

for location of

market for solar

523(a)(l)).”

demonstrationprojects in areas where a private sector. .

ener~ equipment is likely to develop. (NECPASection
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These requirements are set forth in the Department of Energy (10 CFR Part 436,

Subpart D), Federal Energy Management and Planning programs, Proposed Rule for

Solar in Federal Buildings DemonstrationProgram (hereinafterProposed Rule).
....

~E is also required (under~~A Section 523) to evaluate~ in writing~ each

proposal pursuant to criteria developed under Section 523(a)(l)(B),and to obtain

from participating agencies a life-cycle cost analysis in accordance with the

Federal Energy Management Program’s life-cycle cost analysis (as required in

~@A, Title V, Part 3). If the solar energy equipment is not the minimum life-
.

cycle cost alternative (in accordancewith Section 523(a)(6) of ~~A)l the parti-

cipating agency(ies)must indicate the amount by which the life-cycle cost of the

solar energy equipment exceeds the minimum life-cycle cost (utilizingmethodology

and analysis procedures set forth in the Proposed Rule? 10 ~ Part 436/ subpart

A). This informationregarding cost effectivenesswill be compared with data from

other similar proposed solar projects to assist in ranking all solar projects for

final selection (as required by Section 436.78(c)(5)of the Proposed Rule). Life-

cycle costing data

of the project. In

odically report to

for a proposed solar project will not alone result in rejection

addition, Section 523(a)(4) requires Federal agencies to peri-

the Secretary such informationas they acquire respectingmain-

tenance and operation of the solar

Proposed Rule.

The Solar in Federal Buildings

energy equipment involved? as stated in the

DemonstrationProgram is a three-year initia-

tive affecting no more than 500 buildings out of a total of approximately402,000

Federally owned buildings (orless than one percent).The anticipatedbudget levels

for Fiscal Years 1978, 1979, and 1980 are $20.0 million, $25.7 million, and $23.5

million, respectively. Through Fiscal Year 1979, $45.7 million has been appropr-

I
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iated. The Act authorizeda maximum of $100 million to be appropriatedthrough

Fiscal Year ending September 30, 1980.

... ...--, >-

the

DOE, in conjunctionwith the U.S. Departmentof Housing and Urban Development

(~), the U.S. National Aeronauticsand Space,Administration,the U.S. Department

of Defense, the National Bureau of Standards:(NBS), and other Federal agencies,has

been involved in the demonstrationof solar energy for water heating and space
..

heating and cooling since 1975. Under th~ Nat~onal Solar Heating and Cooling

DemonstrationProgram, DOE is funding the installation“ofover 900 solar systems

affecting approximately11,500 residentialunitsl and approximately270 commercial

solar projects.2 In addition, there is a HUD/DOE hot water initiativeinvolvingten

states which will affect an anticipated10rOOO residentialunits.
3

The evaluations and experience generated from these demonstration programs

have been taken into account in this environmentalassessment.Project experience

information will continue to be made available from existing programs providing

additional data to be drawn upon in the administrationof this Program.

II. DES=IPTION OF ~ AFFECTED =RO~

Solar energy heating and cooling technologies

impacts in eight categories.4 The im?act categories

show potential environmental

include (1) air quality, (2)

water quality~ (3) land use~ (4) ecological impacts~ (5) structural

aesthetics, (7) social and institutional impacts, and (8) material

quirements. Table I provides an overview of these environmental

impacts, (6)

resource re-

concerns and

methods of deterring potential problems. These concerns are analyzed below, and

mitigating measures are discussed at the end of each section.

I
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Most of these areas are

and air-conditioning (WAC)

standards and criteria for

energy technology.Relevant

systems in residentialand

PerformanceCriteria (IPC)

Department of Housing and

similar to those in traditionalheatingr ventilation,

building activities. Thus, in m=y instances, the

traditional ~C equipment are applicable to solar

environmentalco’ncernsfor solar heating and cooling

comercial buildings were addressed by the NBS Interim

for Solar Heating and Cooling Systems5’6and by the U.S.

Urban Development Intermediate.Minimum Property Stan-

dards (MPS) for Solar Heating and Domestic Hot Water Systems.’ The environmental

and safety considerations for solar heating’and cooling applications are also

8 The criteria,standards,andsummarized in a National Bureau of Standards report.

considerationsreferenced above were developed to provide specific guidelines for

. technical performance for use by solar designers,manufacturers,and builders; to

define levels of performancefor evaluationand procurement;and to provide a basis

for the continuingdevelopmentof definitiveperformance standardsand criteria as

solar energy technologiesmature. Section 436.76(b) of the Proposed Rule requires

an agency submittinga proposal to assure compliancewith the IPC and MPS standards

and criteria or to present an e~lanation satisfactory to ME for a proposed

exception thereto. ,Continuousmonitoring by the Federal agency is required by

Section 436.80 of the Proposed Rule to ensure effective implementationof Program

standards.

Based upon historicalexperienceand ‘datafrom the National Solar Heating and

Cooling DemonstrationProgram, the potential environmentaleffects listed in Sec-

tion III below constitute the major areas of relevance to this Program. Table

14’9’10 presents a comprehensive overview of these concerns~ and strategies by

which they can be mitigated or eliminated.
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TABLE I
POTENTIAL ~VIRONMENTAL CONCE~S%’g’lo

1

POTENTIAL
~

1,.
ENVIRONMENTAL
CONCERNS STRATEGIES TO MINIMIZE OR ELIMINATE CONCEW /;

A. Potential Air Quality Impacts
—.

1. Outgassing Allow for proper atmospheric dispersion.

a. Insulation Use proper insulation, selection of materials, and pretreatment of
insulation when applicable.

b. Fire conditions Coordinate start-up time of system to closely follow installation.
Follow IPC and MPS fire safety and materials standards.
Adhere to local fire ordinances.
Utilize proper firefighting equipment.

U1
2. Auxiliary Unit Impacts Apply conventional emission controls.

Employ policies which stress energy conservation and efficiency.

B.
..

Potential Water puality Impacts
........ —- ...

1. Potable Water Contamination Use double-walled heat exchangers.
Employ effective, nontoxic, heat transfer fluids/storage media
(studies ongoing).*
Adhere to IPC and MPS equipment, systems, and materials standards.

2. System Flushing and Disposal FO11OW IPC and MPS guidelines” for pkoper system design.
Utilize test results from studies on the impact of effective chemical~
loads on sewage treatment facilities potable waterf soil? vegetation;,
and groundwaker (studies ongoing):**. <

Monitor environmental effects on waterways and groundwater of low- ;
,,

level contamination via long-term data collection.
,!

Use.catch basins for dilution and holding of toxic heat transfer
i
k

fluids. k!,;,

* See page 12, 14 infra.
,

+
1..

** See page 17 infra.

~,
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TABLE I
POTENTIAL ENVIRONMENTAL CONCERNS (Continued)

B

POTENTIAL
ENVIRONMENTAL
CONCERNS STRATEGI= TO MINIMIZE OR ELIMINATE CONCERN

c.

D.

E.

m

-.

Potential Land Use Impacts
‘~--

1. Zoning and Solar Access Utilize local zoning and planning procedures.

Potential Ecological Impacts
-— -.

1. Air Quality in Living Spaces Employ
Follow

Potential Structural Impacts .

1. Risk of Credible Accidents Adhere

2.

a. Design loads

b. Glass breakaqe

c. Glare

proper system design.
IPC and MPS materials requirements.

to IPC and MPS standards for thermal stress issues and load
requirements for hail? snow, wind, and seism~c.loads.

Fence, screen, and shelter collector system from public for safety
and from possible vandalism.
Use heat tempered glazing and develop less hazardous nonglass glazin
through research. .“

d. Maintenance, installation,
and design

Proper placemenk of collectors. ,
Paint glare-causing surfaces with nonreflective coatings.

Use proper designs for safe maintenance and installation.
Provide a detailed installation, operation, and maintenance manual
with each solar system.
Utilize proper clothing and equipment by working personnel to minimi
health hazards.

Sheltered Areas Use screening and sealing on all sheltered areas (including ductwork
where necessary.

/
,
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TABLE I ,

POTENTIAL ENVIRONMENTAL CONCERNS (Continued)
.

.

~TENTIAL
ENVIRONWNTAL
CONCERNS STRATEGI= ~ MINIMIZE OR ELIMINATE CONCERN

F.

G.

11.

Aeskhekic Impacks

1. Design Place collectors on ground sites.
Use shields to conceal %tructures.

Social and Institutional Impacts Emphasize political concern, institutional cooperation, and citizen

action group activities.

Material Resource Requirements Impacts Select efficient systems.
Recycle and conserve materials utilized.

+ Explore inexpensive, available, and innovative construction materials.
.,

,.
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III.. PO~~I~ ~OW~= WA~S

The Solar in Federal Buildings DemonstrationProgram (underSection 432.76(b)

of the Proposed Rule) requires each agency to provide in its proposal an assurance

of compliancewith: (1) the IPC and MPS standards and performance criteria,where

applicable; (2) data in accordancewith AS= 93-77 (Methodof Testing to Deter-

mine the Thermal Performance of Solar Collectors)~ which is a uniform method of

conducting and reporting collector thermal performance test results; and (3) the

test procedure (identified in Section 7.2 of ~S Interim Report 78-1305A) for

obtaining solar ener~ reliabilityand durability test data, based on e~osure to

natural environments.By requiring compliance with these standards and criteria,

the Program will assure that relevantenvironmentaland safety issues are addressed

and appropriatestrategies to mitigate or eliminatethem are followed.The follow-

ing subsectionsdiscuss potential environmentalimpact areas associatedwith solar

energy applications (see also Table I)r as well as specificdesigns or measures to

minimize or eliminate such potential problems.

A. Potential Air 9uality Impacts

I

I

i

!
!,

i

1. Outgassing

a.

If

Insulation/Fire

solar

power system failure or

which are often present

tion may be discharged.

collectors overheat due to stagnant conditions caused by

removal of heat transfer fluid~ organic chemical compounds

in the insulationmaterials or result from their degrada-

This phenomenon is known as ‘outgassing.”Its occurrence

{!
,,
!,

,,

,.



is often evidenced by a thin fib (coating)of condensableproducts on the collec-

tor.glazing.The presence of this fihmay be an indicationof performancedegrada-

tion. Upon seeing this fib, maintenance personnel should promptly take proper

corrective procedures. Most fumes released during outgassing are simple starches

that are used as binders for many inorganic initiation materials (e.g., fiber-

glass). Outgassing impacts are minimized due to containment within the collector

unit orr if ventedl due to rapid atmosphericdilution and.the dispersed locations

of collectors. Based upon availableempirical”data, it

from outgassing during stagnationperiods constitute a

Outgassing could only become a serious

is not believed that fumes

significanthealth problem.

concern under fire condi-

tions involvingthe total building.In this extreme and unlikelysituation,temper-

atures could become high enough to degradeplastics and synthetics~releasingtoxic

and irritating fumes. - in any extreme fire condition, the entire building

structure could pose a safety threat to firefightersand occupants. Firefighters

may have to use self-containedoxygen ~uipment. Persons in the general area can

avoid potentialfume and fire dangers by respondingpromptly to alarms and evacuat-

ing the immediatevicinity of the building.

b. Mitigating measures

There are already a number of fire safety

MPS relating to insulation. Insulation uses are covered

either already in existence or

(Sections S-515-11, S-607-3).

covered by the appropriate IPC

zs set forth in the IPC

provisions in the IPC and

by appropriate standards

(Section4.3) and the MPS

Fire resistance of building structures is also

and ~S sections.

,.t,, ,.. ,!.1 , ,; ..>. ~)
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Potential dangers of outgassing from solar collectors due to stagnant condi-

tions can be prevented by proper system design and materials selection. This

involves the selection of insulation materials which will exhibit thermal and

chemical stability at maximum collector temperatures as measured during stagnant

or ‘no-flownconditions.In addition,certain types of insulationmay be pretreated

before being installedin collectors.This pretreatmentinvolvesthe heating of the

insulationto expel volatilematerials.The upper temperaturelimit for fire resis-

tance of fiberglassinsulationwith organic binders may also be somewhat increased

as a result of such pretreatment.

The National Solar Heating and Cooling DemonstrationProgram experiencedata

reinforcethe conclusionthat the problem of potentialoutgassingcan be dealt with

by using appropriateprocedures.Procedures recommendedby the Project ~erience

Handbookil include:

● ensuring that collector structurescan withstand stagnationtemperatures

when a building is not in use due to power failure? lack of occupancy or

construction activities;

● checking prior to operation for outgassing of inorganicmaterials fog-

ging collector glazing;

● if necessary,protectingcollectors againsthigh stagnationtemperatures

which may occur following installationbut before startup. To minimize

possible stagnation damage, scheduling installation to occur shortly

before system turn-on;

● evaluating insulationfor collectors to ensure that it will be free from

swelling during stagnant conditions; and,

● choosing a collector with an absorber plate coating suitable to with-

stand protracted stagnationconditions.

10
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In summary, appropriate system design, proper selection,pretreatment (when

possible) and testing of materials, and implementationof adequate safety measures

(e.g.,smoke detectorsand fire alarms) and procedures should significantlyreduce

the possibility of potential outgassing impacts. Correct labeling of system mate-

rials and strict adherence to manufacturers’ installation guidelines will help

assure the success of this approach. When these actions are taken, potential

adverse impacts due to outgassing should be minimized. The sit-specific and

dispersed nature of this Program wi~ further’diminishpotential outgassing prob-

lems. As an integralpart of its project reviewprocess, the Program shall evaluate

specific actions and require assurancesby applicants to mitigate or eliminate any

potential environmentalproblems, includingoutgassing.

2. Auxiliary Unit missions

The normal operation

petted to significantlyaffect

art, solar energy systems willf

of a solar heating and cooling system is not ex-

local air quality. Under the present state-of-the-

however, typicallyrequire the presence of a backup

system. The operation of a gas-fired or oil-fired backup system in a building will

result in the usual atmospheric emissions associated with the burning of.these

fossil fuels. However, emissions will be

tional systems as they will be used only

decentralizedemissions will not occur if

system site for backup purposes; rather,

less than those associated with conven-

as a supplementalenergy source. These

electricity is used at the solar energy

centralized emissions will occur at the

power plant site. Again the emissions will be less than those resulting from

systems providing complete electrical needs. Potential air quality impacts should

be mitigated even further if proper design and control measures are employed (as

\.
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referenced in the preceding paragraphs and as required for compliance with the

Proposed Rule). Moreover, due to the site-specific and dispersed nature of the

Solar in Federal Buildings DemonstrationProgram, potential auxiliary unit emis-

sion impacts will be further diminished.

B. Potential Water Quality Impacts

1. Potable Water Contamination

a. Systems

A primary concern in

potential health impacts related to

.

solar system design is to avoid or eliminate

heating potable water (drinkingwater). The

heat transfer fluids themselves (e.g.,glycol fluids) or, in a water-basedsystem,

the various additivesused as ’corrosioninhibitors,pH controllers,freeze protes-

tants, and bactericide, could potentially contaminate water supplies and pose a

. health hazard if proper precautions, as specifically required by the Program

through incorporationof the IPC and ~S standards, are not followed. ME is also

sponsoring research .todetermine how a potable water system could be contaminated

by a heat transfer fluid and to determine the toxic characteristicsof various

typical heat transferfluids.12 In addition,research and developmentis ongoing to

develop nontoxic inhibitorsand protestants.13Results from these ongoing studies

should be available in the near future.

The solar system heat transfer fluid typically

heat exchanger. Solar energy systems using liquid

heats potable water through a

and/or air as heat transport

media may require one or more heat exchangers. These are used to transfer heat

12

{
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between two differentmedia while preventingmixing or contaminationof one by the

other. Several types of heat exchangers

various applications.

Equipment and design standards have

are available to

been established

fill the needs of the

for potable water sys-

.
ternsand space heating systems through criteria set out in the IpC and the ~S.

Adherence to these standards is required by tie Program. It is critical to the

efficientoperationof a solar energy system that the heat exchangersare correctly

sized for specific site requirements before making a selection of the heat ex-

changer. Solar energy system using a nonpot.ablefluid must incorporatea double

wall heat exchanger (or protection which provides equivalent safety)f as required

in the IPC (Section 4.6.2) and ~S (Section S-515-9.1). A single wall heat ex-

changer would not be acceptable (even if fabricatedwith extra thick material).11

b. ystem additives

Chromates, dichromates,

examples of additives to heat transfer

nitrites, nitrates, and ethyleneglycol are

fluids that can be potentially hazardous if

proper design and heat transfer fluid requirementscontained in the IPC (Chapter2

and Section 4.4) and WS (SectionsS-515-8, S-615-8, S-615-9, S-615-1O) are not

followed. Also, leakage of these fluids may occur as a result of system failures.

Leakageof heat transfer fluids could contaminatenatural water supplies as well as

the system potable water supply. Compliance with the appropriate IPC and ~S

standards, as required by the Program, requires the use of double-walled heat

exchangers (orprotectionwhich provides equivalentsafety) and continuedmonitor-

ing (as required by Section 436.80 of the proposed Rule). Adherence to these

standards

toxic and

. ___ ... - .
,, ,. f

will minimize or eliminate potential adverse environmental impacts of

potentially toxic additives.

13
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Nontoxic fluids and

system use. Research and

effective, nontoxic? and

reported in ME’s Solar

Sumaries. 13

c.

additives are also being investigated for solar energy
I

I

!’

developmentwork is underwaywith the goal of developing I ‘“
!!

inexpensive heat transfer fluids. This work has been
I .,‘,

Heating and Cooling Research and Development Project
,*
!,

;.
1,

~
storage media !

1

Thermal storage media may include molten salts, organic waxes, or ,

plastic/paraffin capsules for liquid systems, and rocks, metal fillings, silica
i ,,

gel, or ceramics for air systems. Leakage control can be facilitated by proper
!

design and adherence to required test criteria set forth in the ~S (Sections ~
I

S-515-7, S-601-12).A current NE study is designed to identifysolar energy system
/
1

materials, including storage media, and publish a list of acceptablematerials.
14

Compliance with the ~S criteria, includingprudent management and adequate moni-

toring, should minimize or eliminate potential adverse impacts related.to storage

media.

d. titivating measures

A number of required Program measures to guard against potential

leakageand Fotable water contaminationare set forth in the IPC and the ~S. These

include:

● separation of circulation loops between nonpotable heat transfer fluids

and the domestic potable water system;

● identification of nonpotable fluid and potable water systems by color

and coded piping or metal tags; and?

I

I

I

I

I

i
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● proper double wall heat exchanger systems that provide a high degree of

protection against potable

used.

The followingdesign suggestions

water contamination when toxic fluids are

are derived from program experiencein order

to avoid difficulties identified in earlier:demonstrationprojects. Solar energy

systems using a nonpotable fluid must incorporatea double wall heat exchanger,as

required in the IPC, except under the following conditions:ll

● the fluid is certified as nontoxic

must not exceed acceptable levels;”

,0 the system is properly tagged with

antifreeze and that servicing (IPC Sections 6.3.1, 6.3.2) be performed

by a “trained ~C service technicianor a qualifiedplumber, each using

a service manual”;

● the local building and health authorities specifically

pect of the solar energy system (local building and

should approve any other proposed solutions before

mented); and~

● backflow prevention (IPC Section 4.6.3) is

Compliance with the IPC and the ~S standards,

shall minimize or eliminate the risk of potential

khereby ensuring safe water quality.

15

by ~A, USDA, or -. Concentrations

a warning concerning the use of toxic

approve this as-

health,officials

they are imple-

installed.

as required by the Program/

potable water contamination,
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2. System Flushing and Disposal

a. Heat transfer fluids

Wny of the heat transfer fluids (suchas metal oxides and ethylene

glycol) used in solar hot water and solar heating and cooling systems will degrade

over time. Therefore, these fluids will have to be periodically flushed and

replaced.This procedure is typicallyperformed every three to five years as a part

of an operations and maintenance program. The disposal of these fluids into local

water bodies could adverselyaffect aquatic life as well as prove harmful to man if

such water bodies are used as sources of drinking water. The Program provides

specific standards discussed below under mitigating measures, to ensure that

improper disposal does not occur.

NE is funding researchto determinethe toxic characteristicsof various heat

transfer fluids.12,14Research and developmentis also ongoing to develop nontoxic

inhibitors and protestants.13 Additionally, in an increasing number of jurisdic-

tions, the disposal of hazardous chemicals into local water bodies is prohibited.

The Clean Water Act and the Safe DrinkingWater Act, administeredby EPA, regulate

improper disposal of pollutants into navigable waters and aquifers.

b. Storage media

For materials ~st comonly used as storage media (e.g., water,

rocks, masonry), the environmentalimpacts are insignificantand

landfill methods.‘2 Storage media which utilize a phase change

have not been widely used and it does not appear that they

easily handled by

(solid to liquid)

will be used in

quantities large enough to cause significantenvironmentalimpacts.12~so, a ME, -.
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study is examiningmethods of disposaland recyclingof hazardouswastes from solar

heating and cooling systems.lq
t

c. Mitigating

IPC (Section

incorporated as an integral

measures

4.4) and MPS (Section S-615-9) standards, which are

part of the Program, set forth waste flushing and

disposal methods for solar energy systems’utilizing a heat transfer fluid other

than air or potable water. The system must provide for the catchment and/or harm-

less removal of these fluids from vents, drains, or rechargepoints as approved by

local administrativecode authority.The ~S specificallyrequire adequately sized

and protected receptacles (includingcatch basins) when toxic and/or combustible

fluids are used, in order to collect and store the overflow from pressure relief

valves, liquids drained from the system during servicing, and identifiableleak-

age. A catch basin wi~ serve to hold a flushed heat transfer fluid during system

repairs or until it can be disposed of in an environmentallyacceptable manner. It

is also anticipated that hazardous waste disposal will be further regulated by

hazardous waste disposal standards set pursuant to the Resource Conservation and

Recovery Act.

Several ongoing studies are also being conducted to assess the effect of toxic

fluids.on potable water, sewage treatment facilities, soil, vegetation, and

groundwater.These include:

Solar Heating and Cooling Waste Disposal Impact (SandiaLaboratories. Pre-

sently being completed);

Hazardous Properties and Environmental Effects of Haterials Used in Solar

Heating and Cooling Technologies (SandiaLaboratories.Several interim hand-
,,.
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books will appear on this subject with final publicationestimated for August
.

1980);

Potential Effects of Solar Heating and Cooling Fluids Related to Ecosystems

(Los Mamos Scientific Laboratory. Ongoing through ~ 1979).

Resdts of these studies will provide additionaldata on the potential environmen-

tal impactsof solar heating and cooling fluids, additives,and storage media, and

progress the state of the art regardingmeasures to further decrease or to elimi-

nate these potential problems.

.

C. Potential Land Use Impacts

Buildings using detached solar collectors rather than

require a larger land area than conventionallyheated and

where actual land area is the same, the need to orient

a rooftop system could

cooled buildings. men

solar energy equipped

buildingstoward the sun could require alterationsand perhaps expansionsof tradi-

tional lot and street dimensions for subdivisions using solar energy systems.

Thus, there is a possibility that increased national use of solar energy systems

may alter certain traditional land use patterns and require adjustment of local

planning, zoning, a,ndcontrol procedures. Other iwacts on land use could result

from the requirementof access to sunlight and the preservationof historic sites.

The impacts of solar heating and cooling on land use in the Solar in Federal

Buildings DemonstrationProgram, however, are not expected to be significant. In

most cases, solar energy systems will be retrofittedonto existing Federal build-

ings. In addition, it is not presently anticipatedthat a large number of detached

collectors will be used in this Program. Since solar heating and cooling systems

are not significantly differenk in nature from conventional WAC systems, they

18 I
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should not impact present land use plans and procedures. Thus, ttis Program is not

~ected to conflict with existing or proposed Federal, State, or local land use

plans, policies, or controls.

D. Potential Ecological ~mcts

a. U ~ality in living spaces

Potantid ecological tipacts associated

systems concern the formation of molds and fungi

with solar heating and cooling

and radon emissions. Fungi spores

are a major allergenicpollutant. They typically thrive in a w=, moist atmos-

phere, such as might be present in rock storage bins or shaded areas between the

structure and mounted rooftop collectors. Rock storage systems are generally used

with active solar energy systems having air (ratherthan a li~id) as the heat

transfer material. The growth and presence of fmgi typically do not exhibit any

seasonal pattern but, rather, may be present year round. In the absence of appro-

priate system design ad reasonable maintenance, as rewired by the Program, the

presence of molds and fungi, especially in rock storage bins, cotid restit in their

dispersal into building air, thereby posing potential health problems. In addition,

studies are being conducted to examine further the potential enviromentti effects of
14

molds and fungi on air ~ality in living spaces. Secondly, granite rock heat

storage systems may emit radon, a natwally occurring radioactivegas. Current
15

scientifictheories focus u~n potential problms related to ‘Ae use of granite

rock as a heat storage material. Present studies -d data on this potential problem

are not conclusivewith respect to the natme or extent of this potential health

problem attributedto radon released from granite heat storage materials used in

solar energy systems. This potential

appropriate system design and storage

small number of air systems wi’J.rock

this Program. Addition~ studies are
14

concern.

problm can be mintiized or eliminatedby

material selection (discussedbelow) for the

storage expected

being planned to

19
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b. Mitigating measures

Proper system designs can prevent potential mold and fungus growth under

roofto? collectors. This typically wodd involve flush mounting on a watertight

membrane. The IPC and MPS guidelines address this in relation to rooftop collector

mounting procedures and state that, in general~ components and materials used in

solar heating, cooling, and hot water systems sha~ not promote the growth of

fungus, mold, or mildew (IPC Section 4.6 and MPS Section S-600-6.7j. The presen’ce

of fungal growth is to be tested in accordancewith Appendix D~ Section E? of ~’s

Minimum Property Standards (4900.1, 4910.1, and 4920.1).16’1”18 @plication of

the appropriateXPC and,~S guidelineswill minimize this concern. The Program will

provide technical and financial assistance to

to reduce or Aiminate :his potential problem

the potential concerns about using granite as

help ensure that appropriate designs

are employed. ~ addition,untfi

a heat storage material are resolved,

the Program will not allow granite as a heat storage material under the mandatory

design review procedures of the Program. This will not affect the Program

since alternate types of rock materials are available and may be substituted.

Moreover, this procedure allows the for further examination of this potential

problem to determine its precise nature and probable tipact.

Planning is underway at DOE to monitor all ~ality conditions in the living
14

or working areas of passive heating demonstrationprojects. Such research, in

addition to the investigationof molds, fungi, and radon exposme levels, will com-

plement existing EPA data on indoor air pollution ad help create techni~es to

further minimize environmentaltipacts on air ~lity in living spaces.

E. Potential Structw”al ~Dacts

1. tisk of Credible Accidents

a. Design loads

Solar energy systems, in most czses, will involve the placement of

collector units on building rooftops. Appropriate.design, construction =d instal-

.20
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lation standards, when followed~ can reduce potential accident risks for both

workers and building inhabitants.Solar collectorscould prove to be too heavy for

certain roof structu”res~especially where the collectors are retrofitted. These

structures should also be capable of supporting the added weight of maintenance

personnel. The Program has adopted specific guidelines (IPCSections 3.1, 3.2, and

WS Section S-601) pertaining to design loads for rooftop and detached collectors.

Careful attention is given to items such as wind, snow, hail, and seismic loads.

Compliance with these guidelines would, it is believed, eliminate the risk of

credible accidents. The National Bureau of Standards has completed a study of

building regulationslg’20and is continuing this effort through work with ME and

the various code-developinggroups

cations in buildings, encompassing

to establishguidelines

new and retrofit solar

for solar energy appli-

energy systems.21

.

b. Glass breakage

In order to mintiize the problem of possible glass breakage, solar

collector areas should be fenced, and/or protective covers/screensplaced over the

collectors in instanceswhere collectorsare sited adjacent to public areas. Pre-

sently, the hazards of broken glass often are minimized by using heat-tempered

glass which “beads” when broken. Research to develop new, durable glazing mate-

rials is being conducted by several institutions, including mTX Corporation~

Hughes Corporation, Research Triangle Corporation, and Springborn hboratories.

The damage history of both glass and nonglass collector glazings will be assessed,

and future research will be aimed at developing polymeric and other nonglass

collectorglazing materials. These efforts should further reduce the potential for

glass breakage in solar energy systems. In addition, the IPC (Sections3.1, 3.2,
...
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5.2) and mS (SectionsS-515-2.2,s-601) address load and thermal stress issues for

glazing materials. Compliance with these standards, as required by the Program?

should minimize or eliminate any significantglass breakage problems.

c. Glare

Solar radiation reflected from the collector modules can cause

localized glare problems. The intensity of this glare will vary according to a

number of parameters such as solar intensity,solar angle, solar timer reflectivity

of collector covers, frames, and absorption surface, and pitch of roof. The IPC

(Section 4.7) and ~S (Section S-303-2) stress that consideration be given to

assure that glare does not create unnecessarysafety hazards. The glare resulting

from flat plate collectormodules is expected to be low in intensityand should not

cause a significantsafetyproblem if proper design and review procedures are used,

as required by the Proposed Rule. Particular care should be taken to minimize or

avoid potential hazards to street traffic as a result of unobstructed glare from

nearby collectors. Applicationsof collector coatings which minimize or disperse

reflected light will also reduce potential hazards due to glare.

d. ~intenance access

Other safety factors which must be considered are

cess to the collector and the proper placement of the collector to

maintenance ac-

prevent impedi-

ments to

and -S

clothing

emergency exits. These issues are addressed in the IPC (Sections4.5, 6.1)

(SectionsS-309-1, S-405-6, S-600-6.6). In addition, proper maintenance

and equipment, a

toxic heat transferfluids

ing, will facilitate safe

safety drainage/basinsystem to drain off and hold any

in times’of repair, installation,maintenance,or flush-

and efficient maintenance of the solar energy system.
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e. Mitigating measures

In addition to the specific standards noted above~ IPC (Section

6.2) and the MPS (SectionS-600-3) standards,r~uired by the Pr~ra, mandate that

a detailed installation,operation, and maintenancemanual be provided to workers

and installersin order to minimize accidentsby familiarizingmaintenanceperson-

nel with the systems. IPC and MPS provisionsrwuiring proper labelingof all solar

energy system components, ~uipment~ and hazardous substances (such as certain

heat transfer fluids), should also lead to 9reater safetY of maintenance and

installation. Compliance with these standards, along with careful system design,

should eliminate the risk of credible accidents.

2. Sheltered Areas

Sheltered areas can result from solar collector installationsboth on

rooftops and on the ground. These sheltered areas could potentially become inhab-

ited by vermin, rodents, and birds, possibly creating problems of local infests-

tion. Proper system design and periodic inspectioncan alleviate these problems.

Properly constructed and mounted collectors, possibly with the inclusion of cer-

tain types of protective screening, will help ensure that sheltered areas do not

become inhabited by undesirable animals. Screening also should be applied to all

duct and plumbing outlets to prevent similar problems. peridic inspections and

appropriate follow-up action should eliminate any problems that may occur.

F. Aesthetics ,

Research and e~erience indicate that aestheticconsiderationsare not likely

to be a significantbarrier to widespreadsolar energy development.Many architects

23
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have found solar energy systems to be compatible with even the most traditional

designs for both new and retrofit installations,and a study of early solar energy

users by the ~erican Institute of Architects Research Corporation (XA@C) con-

cludes that aesthetics appear to be among the least significant potential con-

22 Site ins~ectionsand NE/~ Demonstrationstraints to solar energy development.

Program records indicatethat aestheticconsiderationshave been an issue in only a

few cases, and that the issues were satisfactorilyresolved in each case.4

The visual impacts of solar buildings will depend on the size, type, and

location of the collector, and the overall building design. Visual impacts may be

aestheticallyimproved in the future as buildings equipped with solar energy sys-

tems become more widespread and exterior designs are refined.

G. Social and InstitutionalImpacts4

Successfulsolar heating and cooling developmentmust depend heavily upon the

cooperationof all involved groups--industry/gover~ent~ and cons~ers” potential

social/institutionalissues have been identified and evaluated on the basis of

researchliterature documentedexperience?solar site visits, and interviews.The

following impact areas have been identifiedas pertinent to solar energy installa-

tions:q meaningful solar industry standards and product quality controls; avail-

abilityof investmentcapital, taxes, insurance,utilities,building codes? zoning

and land use controls (includingsolar access); and interfacewith existing indus-

try (includinglabor). The Solar Domestic Policy Review, requested by President

Carter, emphasized reliable information,consumer confidence, and quality assur-

ance. This Progra should beneficially im?act the cons~er confidence and qualitY

assurance concerns through safe’i(and<ptacki’&aT{demonstrationsof solar heating and

cooling technologies.

24
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Many potential social/institutionalconcerns result from the relativenewness

of the technology.These concerns are expected to decrease substantiallyas exist-

ing institutionsare exposed to solar energy systems and adapt accordingly.Section

523 (a)(l)(B)of NE~A requiresthat oneof the selection criteria be the “location

of demonstrationprojects in areas where a private sector market for solar energy
●

equipment is likely to develop.” This requirement should help provide practical

experience and Knowleage or so~ar energy

public unfamiliarityin those areas.

H. Material Resource Requirements

Solar energy system designs will be

cult to assess the types and quantities

Material requirementspresented in Table

--- - - . . .- .—-——- systems, thereby alleviatingmuch of the

specific to each site. Thus, it is diffi-

of materials necessary for construction.

1123 are approximatefigures for a typical

baseline solar heating and cmling system. These figures will vary with design and

application (conventionalauxiliary systems and ductwork are not included). Most

materials used in solar energy systems~ with the possible exception of copper and

chrome, are easily available in sufficientquantity. Due to the small scale of the

Solar in Federal Buildings Demonstration Program, solar energy system deployment

should not significantlyimpact the availabilityof these materials.

IV. RELATIONSHIP TO FED-, STATE, _GION=, AND LO~ LAND USE PWS

AND POLICIES

Site-specific implementation of

Buildings Demonstration Pr09r= Will

State, and l=al land use, zoning and

actual projects under the Solar in Federal

require compliance with existing Federal?

building regulationsconcerning solar energy

25
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Steel 69.64 lbs (31.65 kg)

Glass 31.80 lbs (14.45 kg)

Numinum 10.13 lbs ( 4.60 kg)

Copper Tubing. 6.8o lbs ( 3.09 kg)

Insulation (Fiberglass) 5.25 lbs ( 2.39 kg)

Misce~aneOUS 3.00 lbs ( 1.36 kg)

Steel
Initiation

HEAT EXCWXGW

T+

1,235 lbs ( 561

(Foam) r26 lbs ( ~12

Copper Tubing

LiBr Solution
Steel .
Coppei
Stainless Steel

Steel
Stainless Steel
Zinc
Asbestos

*5o lbs ( z23

80-90 lbs (36-41
700-750 lbs (318-341

r30 Ms ( J14
J18 lbs ( ~ 8

323-362 lbs (147-165
3-4 lbs ( rl.6

14-16 lbs (6.4-7.3

60-68 lbs (27-31

kg)
kg)

kg)

kg)
kg)
kg)
kg) .

kg)
kg)
kg)
kg)

I
I

i,

!
I

!“

a
Based on one 6’ x 3’ x 6“ (1.8 m x 0.9 m x 15 cm)

modular panel manufactured by the HoneWell Corp. Collector
square footage should be from 1/3 to 1/2 the building square
footage.

b 1,000 gallon (3,790 litre) capacity manufactured
by the Buffa10 Tank Company.

c 3-ton (2.7-metric-ton)unit manufactured by Arkla
Industries.

.
a Appropriate sized unit manufactured by Marley Cooling

Towers.
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applicationsand installations. Most of these systemswill be retrofitted. There-

fore, it is not anticipated that there will be any conflicts with existing or

proposed Federal, State, or local land use policies,plans, or controls.Additional

e~erience gained by local officials as they interact with other agency officials
.

and design engineers through project implementationshould accelerate the pace at

which local officials can accommodatesolar energy technologiesand applications.

v. POTENTIU ~~TI~ AND ~NGTEW ~OmNTM EFFE~S

With the Nation’s growing energy requirementsand the finite availabilityof

nonrenewable resources~ the need to implement programs of this t~e is self-

-evident.Uthough it is not presently possible to state resultant energy savings

attributableto this Program, it is clear that solar installationscan reduce the

consumptionof our nonrenewableenergy resources.Through proper design practices,

updated standards and criteria~ and other environmental and performance data de-

veloped as a result of the implementationof this Program, it is believed that the

Solar in Federal Buildings Demonstration Program will have a long-term, cumula-

tive, beneficial impact on the natural environment, while also accelerating the

development of solar energy and the utilizationof renewable resources.

w. OFFSETTING CONSID=TIONS

As detailed, the probability of adverse environmentalimpacts is minimal for

all potential impact categories,because of the discrete, highly controllednature

of the Program and the adherence to specific environmentaland safety standards.

Since it is believed that there will be no probable adverse environmentalimpacts

r ‘Lf

is

applicable standards are followed, an assessment of offsetting considerations

not necessary.

27
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The purposes of the Solar in Federal Buildings DemonstrationProgram are to

support efforts to shift from nonrenewableto renewable energy sources, to stimu-

late the solar energy industry, to encouragethe continued developmentand refine-

ment of solar energy technologies,and to assert the leadershiprole of the Federal

government in promoting widespread use of technically and economically feasible

solar technologies.Congress has mandated that DOE demonstratethe reliabilityand

practicalityof solar energy for space heating and cooling and solar water

by installing solar energy systems in selected Federal buildings.

A. Other Technologies

Since the expressed purpose of this Program is to demonstrate solar

and cooling technologies in Federal buildings, reasonable alternatives

heating

heating

to this

Program do not include intermixingother technologiessuch as nuclear,fossil fuelf

hydroelectric,or wind power strategies.These programs would generate relatively

little useful

-ngressional

in this solar

inhibit other

informationabout solar energy technologiesand would not enhancethe

purposes underlying this Program. Moreover, the Federal investment

energy demonstrationprogram is not large enough to impinge upon or

Federal efforts to develop nuclear, fossil fuel, hydroelectric,or

wind energy systems.

B. ConservationStrategies

Conservation can decrease but cannot eliminate the demand for energy. With

ever increasing energy needs and the finite availability of nonrenewable re-

sources, the need to develop renewable resources is increasing.Therefore,conser-

vation programs alone cannot be considered as a reasonable alternative to solar

28
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energy programs. In fact, both strategies are complementary and should be imple-

mented simtitaneously.The implementationof the Solar in Federal Buildings Demon-

stration Program would further

renewable energy sources.

C. N@Action Uternative

The “no-action”alternative

the nation’s goal of increasing utilization of

would result in the continued use of electric and

fossil fuel power for

buildings. An arguable

to the existingheating

space heating and cooling

advantageof the “no-action-

and cooling systemswould be

and water heating in Federal

alternativeis that no changes

made; thus, neither structural

changes to the building would be required nor additional costs incurred for the

changes. The disadvantageswould be escalating fuel and operating costs, increas-

ing pollutant emissions and environmental damage, and a continuing reliance on

nonrenewableenergy sources. The “n-action” alternativewould not aid in achiev-

ing the goal of increasing the use of renewable resources and would not encourage

the developmentand use of solar energy systems.

D. Reduced Program Funding

h alternative to this Program would be a program of a lesser magnitude

brought about by a reduced funding level. If Program funding were significantly

reduced, the market impact on solar collectorproductionwould fall well below the

5% to 10% market impact that is anticipated through present funding. Reduced

funding would also result in fewer demonstrationprojects and reduced capability

for establishinga significantproject experienceand a “lessonslearned” data base

for future solar energy development.In general,reduced fundinglevels will dimin-

ish market penetration, public exposure, and project experience at

publie~.d=ceptanceand rapid developmentsin solar energy technologies

needed.
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E. Increased Program Funding

Increased funding levels could result in the expansionof the Solar in Federal

Buildings Demonstration Program. This would increase the ability to establish a

larger experience data base through more demonstrationprojects. In the event of

the expansion of the Program, additionalmonitoring controls would be required as
,

well as additional personnel. This alternative would require Congressional a=

proval through increased appropriations.

~,,:,
I
!’

i

F. Amended Legislation

One form of legislativeamendmentwuld be e~ansion of the Programto include

the applicationof solar technologiesin state and local governmentbuildings. The

inclusion of state and local government buildings in this Program would increase

the visibilityof solar applicationsand initiateadditionalprojects.This type of

e~ansion would, however, require additionalfunding for personnel,monitoringand

implementation,and overall program administration.

A second possible alternative would be to amend the legislation to require

that all new Federal buildings must be designed to take full advantage of solar

applications/technologies,wherever feasible. This requirementwould increase the

number of solar applications in new buildings and expand the opportunities for

Federal agencies to gain actual solar experience. ~ amendmentsuch as this would,

however, place additional burdens upon the individual agenw budgets, personnel~

and workloads. ~sof a coordinatingeffortwould be needed to maximize the exchange

of solar informationbetween the various agency applications.

In summary, amendments to the legislation as set forth above would increase

the visibility of solar technologies due to the variety of size, location, and

types of projects. These experiences and project applications would be easily
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applicable to the

I

t

private sector. Such amendments would, however, require that \

i
additional funding and personnel be added to the existing Program. Amendment of

1’

this legislationmay also necessitatethe adjustmentof other energy program activ-
;

ities. Therefore, any such action should be considered in the context of the i
!4

overall effort toward more effective energy utilization.
~“’

G. Unreasonable=ternatives
~.’,
~

Additional alternatives to the proposed action were considered and examined
i “

I
but rejected as unreasonable.An example of such an unreasonablealternativewould

be to delay implementationof the Program. Though this would allow additionaltime

for planning, analysist and coordination it would conflict with the legislative

mandate. The overriding national need to develop and implement renewable enerw

resources implies that programs such as the Solar in Federal Buildings Demonstra-

tion Program be commenced as quickly as possible. It was thereforedeterminedthat

it would be unreasonableto delay the

VIII. S~Y AND ~CO~~ION

implementationof the Program.

!’,
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b

I

i
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Based on the foregoinganalysis,the facts show that the potential environmen- 1’
~

tal impacts are minimal for all potential impact categories. There are no known
!

I
,

potential adverse environmental impacts which cannot be avoided by proper design I

techniques and adherence to the Program standards.
!

Recent developments in solar i

energy technologies resulting from the National Solar Heating and Cooling Demon- !

stration Program are improving both the performance and the reliabilityof solar

energy systems.Project experience,adherence to the Program Standartis,continuing [
i

research, and application of the current state-of-the-arttechniques, as well as ~

the small scale and decentralizednature of the Solar in Federal Buildings Demon- ~

31



stration Program, should minimize or eliminate any potential incrementaladverse

i

1 ‘;”
1’ $:’

environmentalimpacts which may arise in connectionwith this Program.
~,.
l“

Based upon the foregoingconsiderations,
t,,’

which includeddetailed analysisand : .“I

demonstrationsof relevant areas of environmentalconcern, it is believed that the

I,,.
\
f ;

Solar in Federal BuildingsDemonstrationProgram does not representamajor Federal I
t
i,

action significantlyaffecting the quality of the human environment~as defined in (

connection with Section 102(2)(c) of the National

amended. Thus, it is recommended that a negative

certify that an environmental fipact statement is

action.
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ADDITION= =FERENCES

National Solar Heating and Cool~n9 Info~a~on center~ ‘.OS ‘ox 16071
Rockville, Naryland 20850; phone: 800-523-2929, in Pennyslvania,
phone: “800-462-4983;in Uaska and Ha%-aii,phone: 800-523-4700 (toll-
free),..(monthlyU-palatesof residential fi~-es ~e availtile).

Solar Heating =d Cooling Demonstration Project Sum=ies, ~E/CS-0038-2
U.S. Department of Energy, Assistant Secretary for Consenation =6
Solar Applications, Division of Solar Applications, J-uary,1979 (copies
available from the Government Printing Office, GPO= 061-000-00224-3)

~ 77-87, U.S. Dep~ent of Housing and Urban Development, March 28, 1977,
Press Release (copies available from ‘&e Department of Housing and Urban
Development, Office of Public Affairs, m. 9243, 4517 Seventh Street, S.W,r
Washington, D.C. 20410).

= the N~t~onal Sol= Iieatin9adDraft Environmental Impact Statement o.
~olinq Progra, prepared for the .U.S.Dep=tment of Energy, Assistant
Secretary for Consemation and.Solar Applications, December 1, 1977.

Interim Performance Criteria
.-

for solar Heating and Cooling Systems in
Commercial Btildings, NBSIR 76-1187, National Bureau of Standards, prepared for
the U.S.Energy Research and Development Administration~ Division of Sol=”
~ergy, Nove*r,1976 (copies avaiiable

—
fxm the National Technical Infor- .

mation Service, NTIS# ~SIR 76-1187),
-.

Interim Performance Criteria for Sol= Heating and Cooling Systems in
Residential Builtings, ~S1~ 78-1562/ second E6itionl Center for ‘uildin9
Technology, National Bureau of Standards, prep=”ed for the U.S. Department of
Housing and Urban Development/ Nov=tier,1978 (copiesavailable from the
Nation~l Technical Info-rmationService iTIS% h~SIR 78-1562).

HUD Intermediate l~~nimm Property Standards for Solar Heating and Domestic
Hot Water Systems, Volume 5, 4930.2, U.S. Dep&~’ment of Housing and Urban
Development, 1977 (copiesavailable from the Government Pzinting Office,
G?O R~>erences@Ol IMSH).

Environmental and Safety Considerations for Solzr Heating and Cooling A3nli-
,c=tions,NBSIR 78-1532, David Waksman, John Eolton, National Bureau of
Standards, prepared for the U.S. Depa&.ment of Energy and the U.S. Depa-_ent
of Housing =’d U~ban Development, Septtie= 1978 (copiesavailable from the
National Technical Information S=~ice, ~IS% 78-1532).

Environmental Readiness Document, Solar: Hot Water and Passive, Commerciali-
zation phase 111, mE/S?~-0010, U.S. Depa-ent of =ne~9Y, Assistimt Secretary

(copies a>.~il~~e f~~ t~~eNational Technicalfor =nvixonment, Sept*r, lg78 -
Information Service, NTIS% DOE/=~-0010).
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10. Envirom~tal Readiness Docment, sol= Heating ad cooling of Buildings,
U.S. ~pafient of ~er~t Assist=t Sec=et&T for ~vironment, April,

1979 (draft).
I

i.-

.- .._- -
11. - Nationa~-&”ol=.He-a-~naan~ Coo~tig Demonstration

Prog&~ Project E~&~ience

Handbook, (preliminarydraft), DoE/cS-0045/D, U.S. Depafient of Energy,
-
Assistant Secretq fox Conservation and Solar Applications, Office of

Sol&V Applications (copiesavailable from the National Technic= Informa-

I

tion Semite, NTIS# DoE/CS-0045/D).

Hzzardous Properties and Environmental Effects of Materials Used in Solar
Heating and Cooling (SHAC) TecMolo9ies: interti Handbook, DOE/EV-0028,

prepared and edited by Jimmie Q. Se=cy, ~nv~”onmental Res~~”ch Divisiont

Sandia Laboratories, for the U.S. Department of Znergy, Assistmt Secretq

for Environment, Division of Environmental Control Technolo~, Decdex,
1978 (copiesavailable from the Government Printing Office, GPO# 061-000-
00207-3).

12.

13.

;4.

15.

16:

17.

18.

~g.

1’

Solar Heatfig and Cooling Research and Development Project Summaries,

DOE/CS-0010, U.S. Department of Energy, Assistat Secretary fOr Consemation

and Solar Applications~Division of Solar Applications, Xay,1970 (copies

available frm the Government Printing Office, GPO* 061-000-00072-1).
. .. . ..-

Environmental Bveloomen< Pla (EDP), Sol= Heatinq and Cooling of ~ui.ldings,

U.S. Dep&+tent of Ener~, Assi-stantSecretary for Conservation -d Solar
Applications and Assistant-Secretary for Environment, June, 1979.(draft).

I

.- .....
Indoor Radiation E~osure Due to Radium-226 ~ Florida Phosphate Lands,
EPA 520/4-78-013,U.S. Environment~ Protection Agency, Criteria and
Standards Division, Office of Radiation Programs, February 1979.

,

h~ ~in~m~m pro~e-tivstand~~ds fog On-and mo-?amily m~ellinqs, 4900.1,
U.S. Department of Housing 2nd Urban Develo-pment,May,1978, (copiesavail-
able from the Government Printing Office, GPO Reference S~ol -WS 01).

HUD Minimum Property st~d~wds for Multi-?mi~v Hou=ing, 4910.1, U.S.

Department of Housing and Urban Development, Xay,1978 (copiesavailable

from the Government Prtiting Office, GPO RefeEence Symbol NRS 02).

HUD Minimum Property Standards for C2re-~e Houstig, 4920.1, U.S. Depa&L-

ment 05 Housing and Urban Development, May,1978 (copiesavailable from

tineGovernment Pzinting Office, GpO Reference S@ol WS 03).

solzr Buildinc Regulator>’Studv, Volume 1, A=S-GCR-78-141-1, prepared for
t.neBcildinG =conotics an~ Tec.nnologyDivisior.,Rztionzl Ba*eau of standards,
~inal Report, Novembez,1978 (copies 2vailable from the National Technical

Information Service, hTIS Refezence= PS-28g823).
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20.

21.

22.

:3.

G

.. . ----

Solar Building Regulato-~ Study, Volume.2! NES-GCR-78-141-2,prep=”ed for

the Btilting Economics and TecMolo9Y Dzvlsion, National Bureau o
. f Standards,

Final Report, Nov-er; 1978 (copies availfile from the National Tec-hnical

Information Service, hVIS Reference# PB-289824).

. .
New P&Ecation R-ease, Nation= Buxeau of St=dards, April 1979, (draft),
(copies 2vail*le from the Btilding Economics =d Re@atoq Technolo~

Drogram, Building 226, Room B-21O,Division, Criteria.and Stad=~ds Development -
National Bureau of Stand&”ds, Washin@on, D.C. 20234, phone: 301-921-3146.

Early Use of So12r Ener~ in Buildings, A Study of Barriers and Incentives

to the v7idesDreadUseof Solar Heating and Cooling Svstems, American

Institute of Architects Rese=ch Corporation, prepared for the Ener~

.

Research and Development Administration, August.,1976 (copiesavail~le from

the American Institute of &*chitects Research Corporation, 1735 New York
Avenue, N.W., Washington, D.C. 20006).

Systems Descriptions and Engineering Costs for Solar-Relzted Technologies,

volume 11, Solar Heating and Cooling of Buildings, (S~COB) , MTR-7485t

ERHQ/2322-77/1, R. Hewett, P. Spewak, The Mitre Corporation, Metrek Division,

prepared for the Energy Research and Develo-pmentAdministration,J~e,1977

(copies availtile from the National Technical Information Service,
NTIS: MTR-7485).
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Commercialization Strate~ Renort for ?assive Solar Heating, Task Force M@ers,
Fred Morse, Michael Maybamr U.S. kp~ment of Energy, Office of Consema-

tion md Solar AppUcations, Division of Sol= Applications, Res&~ach and Develop-
ment Branch, 0ctober,1978 (*aft) (copiesonly intern~ly available within DOE).

Commercialization SLuatew ReDort for SO1=Y Water Heatinq, Task Force M~er,
Fred Morse, U.S. Dep~ent of Ener~, Office of Cons=ation and Solar Applica-
tions, 0ctober,1978 (draft) (copiesonly int=~nally available within DOE).

Addresses:

National Technical Information Service (~IS)
U&S. Depar@ent of Cmerce
5285 Port Royal Road
Springfield, Virginia 22161

Phone: 703-557-4650

Superintendentof ~cments
United S=tes Govement Printing Office
Publications Dep-ment
!7=hin@.on, D.C. ~~~o~
?hone: 202-783-3238
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